Mechanism of activation and inactivation of opsin: role of Glu113 and Lys296.
In previous studies, mutation of either Lys296 or Glu113 in bovine rhodopsin has been shown to result in constitutive activation of the apoprotein form, opsin [Robinson et al. (1992) Neuron 9, 719-725]. In this report, pH-rate profiles for the rhodopsin-catalyzed exchange of GTPgS for GDP on transducin are established for the constitutively active opsin mutants. All of the mutants, including the double-mutant E113Q,K296G, show a bell-shaped pH-rate profile. Therefore, it is evident that at least two ionizable groups in addition to Lys296 and Glu113 control the formation of the active opsin state. The sole effect of mutation at position 113 or 296 is to alter the ionization constant of the group with the higher pKa, called pka2. pKa2 decreases in the following order: rhodopsin/light (9.0) > K296E = K296G = E113Q,K296G (8.0) > E113Q (6.8) > K296H (6.6) >> wild-type opsin (< 5.0). These results are consistent with a model where activation of opsin involves (i) breaking of the salt bridge between Lys296 and Glu113, (ii) deprotonation of Lys296, and (iii) the net uptake of a proton from the solvent. Furthermore, exogenous addition of the chromophore all-trans-retinal shifts the wild-type and E113Q opsin equilibrium to favor the active state. In all these respects, the light-independent activation of the opsin mutants appears to proceed by a mechanism similar to that of light-activated rhodopsin.